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ABSTRACT 

We report the discovery of additional hot and massive stars in the cluster surrounding the soft 
gamma repeater SGR 1806—20, based upon UKIRT and Keck near-infrared spectroscopy. Of the 
newly identified stars, three are Wolf-Rayet stars of types WC8, WN6, and WN7, and a fourth star is 
an OB supergiant. These three stars, along with four previously discovered, imply a cluster age of ^3.0- 
4.5 Myr, based on the presence of WC stars and the absence of red supergiants. Assuming coevality, 
this age suggests that the progenitor of SGR 1806—20 had an initial mass greater than ~50 Mq. This 
is consistent with the suggestion that SGRs are post-supernovae end states of massive progenitors, 
and may suggest that only massive stars evolve into magnetars that produce SGRs. It also suggests 
that very massive stars can evolve into neutron stars, not just black holes, as recently predicted by 
theory. The cluster age also provides constraints on the very high mass object, LBV 1806—20. 
Subject headings: stars: evolution — stars: neutron — stars: individual (LBV1806-20) — stars: 
individual (SGR 1806-20) — infrared: stars 



1. INTRODUCTION 

Massive stellar clusters are the birth sites of the 
most massive stars, and are proving grounds for the- 
ories of massive star formation, evolution, end states, 
and Galactic chemical enrichment. With the recent ad- 
vent of sensitive infrared instrumentation, on ground 
and space based platforms, many massive clusters in 
the Galaxy are now just being discovered and inves- 
tigated. At least two of these clusters contain soft 
gamma repeaters (SGRs), a rare phenomenon charac- 
terized by persistent and energetic bursts of gamma 
ray emission lasti ng up to several seconds and releasing 
j^Q40 -1 ilMazets. Golenetskii^ fc Gurvanl ^ 



iMazets et aDll979t iKouveliotou et al.lll998j) . Onlv four 
SGRs are known, three in the Galaxy and one in the 
SMC. Three of the SGRs are associated with massive 
stellar clusters. 

SGR 180 6—20 is surround ed by a cluster o f mas- 
sive stars ()Fuchs et al.l Il999|) . iKulkarni etUI l|1995D 
identified a luminous star that they claimed may 
be the infrared counterpart to SGR 1806— 20, bu t 
lEikenberrv et^iLl l(200lD and iKaplan et all lj2002l) 
determined that it is too far from the Chan- 
dra error box; no near-infrared counterpart has 
yet been found, even d own to ver y faint magn i- 
tudes (Kouv eliotou et all 2 004: I srael et all 1201341) . 
Ivan Kerkwiik. Kulkarni. Matthews, fc Neugebauerl 
II1995D find that this star has characteristics similar to 
those of Luminous Blue Variables (LBVs), i.e. it has 
L^IO^ Lq and a spectral type in the range 09-B2. 
lEikenberrv et al.1 l)2fl04fl estimated an extremely high 
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^for LBV 1806-20, -200 Mq; but iFiger et a] J 

()2004l) have shown that it has double lines and thus may 
be binary. 

In this Letter we present near-infrared spectra of fifteen 
bright sources near SGR 1806—20, We find that three of 
them are massive stars in the advanced Wolf-Rayet stage 
of post-main sequence evolution, and another three are 
less evolved OB supergiant stars. We use these results 
to constrain the nature of SGR 1806—20. 

2. OBSERVATIONS AND DATA REDUCTION 

Data were obtained at UK IRT*^ on 7 and 8 June 2004, 
using UIST ( Ranisav Howat et al.ll99^ in medium reso- 
lution mode (R~800=A/AAfwhm, 0'.'24 slit width) from 
1.50 /im to 2.50 /im. One or two 60 second exposures 
were obtained, after which the telescope was nodded 
along the direction of the slit and the similar exposures 
obtained. Star IIIP86814 (F6V) was observed as a tel- 
luric standard; its Brackett series lines were removed by 
interpolation prior to ratioing. 

Additional imaging and spectroscopic data were ob- 
tained at Keck"^ on 22 June 2003, using NIRSPEC 
()McLean et alJll998|) . with the NIRSPEC-6 filter, which 
covers the H and K bands). The slit- viewing camera 
(SCAM) exposures were 2 seconds and provided stellar 
images having FWHM~0'.'4. Figure □ shows a SCAM 
image; note the faint image produced by the slit. Spec- 
tra covering 1.6-2.35 /imwere obtained at high resolution 
(R-26,500=A/AAfwhm, 0'.'45 slit width), using two 100 
second exposures per grating setting, with the telescope 
nodded along the direction of the slit length in between 
exposures. Star #3 of the Quintuplet cluster was ob- 
served as a telluric standard (Figer ct al. 1999). 

^ The United Kingdom Infrared Telescope (UKIRT) is operated 
by the Joint Astronomy Centre on behalf of the Particle Physics 
and Astronomy Research Council. 

^ Data presented herein were obtained at the W.M. Keck Ob- 
servatory, which is operated as a scientific partnership among the 
California Institute of Technology, the University of California and 
the National Aeronautics and Space Administration. The Obser- 
vatory was made possible by the generous financial support of the 
W.M. Keck Foundation. 
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Fig. 1.— NIRSPEC/SCAM image of stars in the 1806-20 clus- 
ter with coordinates offset from LBV 1806-20 at 18''08™ 40.312^ 
— 20°24'41'.'14 (J2000). Nu mber designations are fro m this paper. 
Letter designations are from'Ei kenberrv et alJOool) . Stars #8, 9, 
and 10 are to the west of the field. The slit can be seen as a linear 
artifact superpositioned on images of Star "C" and "B. " A circle 
marks the location of SGR 1806-20 <Kaplan et al1l200l) . 



For both sets of spectra arc lamps were observed to 
set the wavelength scale and continuum lamps provided 
"flat" images. Data were reduced by differencing the 
nod pair frames to remove background flux, dark current, 
and residual bias and dividing the result by the flat field 
frame in order to compensate for non-uniform response 
and illumination of the array. Finally, each extracted 
target spectrum was divided by the spectrum of a telluric 
standard. 

Table 1 lists the coordinates, magnitudes, spectral 
types, and dates observed for the massive stars and field 
red giants. Figures [2 (SJ and 0] show spectra of these 
stars. 

3. DISCUSSION 

3.1. Photometry and Spectral Analysis 

Photometry was mos tly obtained from the 2MASS 
® HSkrutskie et aUlTool Point Source Catalog (PSC). 
Stars #1, #3, and #4 are not in the catalog, so we esti- 
mated photometry for them from the Keck SCAM image 
using the 2MASS PSC to set a zero point. As a check, 
photometry for stars #7 and #11 from the Keck SCAM 
image differ from the PSC by -t-0.11 and —0.07 mag- 
nitudes, respectively. Note that our method relies on 
the fact that the NIRSPEC-6 filter transmission func- 
tion, convolved with the spectral energy distributions 
with the appropriate extinction of the target stars, gives 
similar photometry as measured with the K filter used in 
2MASS. Star "B" and "D" are in crowded regioii s . so w e 
use photometry for them from lEikenberrv et al.l l)2004j) . 

* This publication makes use of data products from the Two 
Micron All Sky Survey, which is a joint project of the Univer- 
sity of Massachusetts and the Infrared Processing and Analysis 
Center/California Institute of Technology, funded by the National 
Aeronautics and Space Administration and the National Science 
Foundation. 



ID 


R.A. 


Dec. 


H-K 


K 


Type 


Dates Observed 


1 
1 


oo.oZ 


QQ 
OO.O 


M A 


11. lO 


VVL^o 


/ June 


O 

Z 


QO /10 


4Z.O ( 


l.O I 


IZ. 10 


WIN D 


o June ZUU4 


Q 

o 


oy.ou 


oO.oo 


IN A 


1 O Q'7 


W IN / : 


o June zUU4 


A 




oZ.oo 


M A 




W131 


Az June zuuo 





QS 1 Q 


QA 77 


i .Do 


y . zo 


Tin 


/ June ZUU4 





OO. iz 


/I Q Q 


1 AO 


lu.yo 


IxLt 


/ June ZUU4 


7 


38.75 


26.48 


1.49 


11.90 


OBI? 


7 June 2004 


8 


36.72 


54.27 


1.40 


8.70 


RG 


8 June 2004 


9 


36.72 


27.80 


1.45 


8.89 


RG 


8 June 2004 


10 


37.96 


16.47 


2.95 


10.09 


RG 


8 June 2004 


11 


38.52 


39.95 


1.66 


11.92 


OBI? 


8 June 2004 


12 


38.57 


13.55 


1.42 


10.81 


RG 


8 June 2004 


13 


39.49 


11.77 


NA 


11.16 


NA 


8 June 2004 


14 


39.40 


13.02 


NA 


12.00 


RG 


8 June 2004 


A 


40.31 


41.14 


NA 


9.26 


LBV 


22 June 2003 


B 


39.24 


31.86 


2.94 


10.50 


WC9 


22 Juno 2003 


C 


39.51 


30.02 


1.85 


10.96 


OBI 


22 June 2003 


D 


39.51 


35.91 


1.73 


11.11 


OBI 


22 June 2003 



Note. — Number designations are from t his paper. Letter 
designations are from lETkenberrv et alj 120041) . Coordinates are 

, o / 

offset from Right Ascension 18''08™ and Declination —20 24 

(J2000), and are from the 2MASS PSC, except for #3, #4, #13, 
and #14 which were estimated from the Keck SCAM image. Pho- 
tometry are from the PSC, except for #1, #3, #4, #13, #14, 
and "A" which are estimated from the Keck SCAM image, and 
"B" and "D" which are from Eikcnbcrry et al. (2004). The spec- 
tral type for "B " is taken from .Eike nberrv et al. 1,2004} ■ Star #2 
is source "E" in lEikenberrv et aLn20^) . The "RG" label refers 
to red giants. 



instead of the PSC. As a further consistency check on 
the photometric syste ms used in th e Table, note that 
2MASS and Eikcnberrv et all l|200H) photometry match 
to within the quoted uncertainties of 0.1 magnitudes for 
Star #2. 

We estimated spectral types by comparing the ob- 
served spectra to those in the Wolf -Ilayet spec- 
tral atlas of iFieer. McLean, fc Naiarrol ^997) and 
iHanson. Conti. fc R ieke fl996^. 

The spectra in Figme 12 reveal three new WR stars. 
Star #1 has strong hues of C III (2.11 ^m), C IV 
(2.08 /xm). He I (1.70 /im and 2.06 fim), and He II 
(1.87 /xm and 2.16 /im). Taken together, these lines 
indicate a classification of WC8. Stars #2 and #3 
have strong lines of He II; neither has apprecia- 
ble N V (2.10 /im) emission. Star #2 has rela- 
tively strong He II (1.87 ^m and 2.16 ^m), and 
EW2.189 Mm/ EW2.ii2 /xm=2.3, consistent wit h a WN6 
spectral type ijFiger. McLean, fc Naiarroll997tl . For star 
#3, we suggest a classification of WN7, but note that the 
spectrum has relatively low S/N. 

The spectra in Figure |31 show three less evolved OBI 
stars ("4", "C", and "D"), as well as the evolved 
luminous blue variable, LBV 1806—20, and a previ- 
ously identified WR star, "B" (Eikcnberrv et al. 2004,). 
LBV 1806—20 is discussed at length in [Figer et alJ 
lj2004|) . and references therein. The OBI stars show mod- 
est He I and H I absorption components with equivalent 
widths of EW2.112 /im^2-3 A and EW2.166 /im^3-5 A, 
and FWHM'-70-80 kms^^; both hue depths and equiva- 
lent widths are consistent with the classifications of 09- 
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Fig. 2.— UKIRT/UIST spectra of the newly discovered WR 
stars. The number labels refer to objects in Table 1. 
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Fig. 3. — Keck/NIRSPEC spectra of massive stars near the 
2.112/2.113 ^lm He I doublet (left), and the 2.166 fim Br-7 line 
(right). The spectra (except for "B") show the He I doublet in 
absorption near 2.1125 fim is marked by vertical lines. This fea- 
ture in LBV 1806—20 is obviously double. The broad feature near 
2.089 fim is common to LBV spectra and corresponds to an Fc II 
transition. Weak He I absorption lines just short of 2.166 fim are 
visible in all spectra, except for "B." 



B3 for these stars (IHanson. Conti. fc Riekelll996ll . Note 
that our high-resolution spectra successfuUy resolve these 
individual lines that would otherwise appear as blends in 
lower resolution spectra. Indeed, our linewidths are sig- 
nificantly less than those estimated in much lower spec- 
tral resolution data of Eikenbcrrv ct al. ( 2004) , and they 
do not support the suggestion that these stars are ex- 
traordinarily luminous hypergiants. 

Figure 01 demonstrates that most of the remaining 
sources are red giants (RG's), given their strong CO ab- 
sorptions at 2.3 ^m and beyond. These stars are rela- 
tively old (Tagc >100 Myr) and have no physical associ- 
ation with the cluster. Stars #7 and #11 lack CO and 
thus could be OBI stars, but they lack Br-7 absorption 
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Fig. 4. — UKIRT/UIST spectra of stars within and near the 
field in Figure^ Most of the spectra have CO bandhead absorption 
starting at 2.293 fim and characteristic of red giants. 



lines. Pa-a absorption lines in their spectra would be 
comparable to the noise levels, so it is difficult to rule 
out their existence. 

3.2. Massive Stars and SGR 1806-20 

The 1806—20 cluster contains at least four WR stars, 
three OBI stars, and an LBV-candidate. While such 
a collection of spectral types may seem extraordinary, 
it is expected from stellar evolution models. The non- 
rotating Geneva models predict the onset of red super- 
giants at ~4-4.5 Myr and WC st ars at ~3. 0-3.5 My r 
for solar to twice-solar metallicity ijMevnet et aLllTOQ^ . 
Non-zero r otation rates tend to in crease both limits 
by ~20% ijMevnet fc Maede J l2005|) . Given the pres- 
ence of WC stars and absence of red supergiants, 
we estimate a cluster age of ~3.0-4.5 Myr, assum- 
ing coeval formation. Appealing to the Geneva mod- 
els, we should then expect to still be able to see 
stars with initial masses '^50-120 Mq in the cluster. 
Our age estimate indicates a s omewhat lower ma,ss for 
LBV 1806-20 than given by lEikenberrv et alJ l|2004fl 
since such r nassive progenitors typically have ages less 
than 3 Myr l|Bond. Arnett. fc Carilll984l). A lower mass 
is also consistent with the claim bv iFiger et alJ ()2004f l 
that LBV 1806—20 may be a binary system having 

Mi„itial--130 Mq. 

The 1806—20 cluster i s similar in spectr al content to 
the Quintuplet cluster ijFiger et alJ Il999() . albeit at a 
much smaller mass. Both have roughly equal numbers 
of WC and WN stars, although the latter may have 
twice as many WC's if the five very red sources for which 
the Quintuplet was named are indeed dusty WC stars. 
One minor difference is the presence of one red super- 
giant in the Quintuplet and none in the 1806—20 cluster. 
This may be the consequence of low number statistics, 
as the Quintuplet cluster has four times more massive 
stars; or it may be an indication that the 1806—20 clus- 
ter is slightly younger than the 4 Myr age estimated for 
the Quintuplet. Assuming 8 stars with Minitiai>20 Mq, 
we estimate Mduster > 1,750 Mq, as suming a Salpeter 
IMF down to 0.8 Mq If WR and LBV 

stars have Minitiai>50 Mq, then Mduster >6,600 Mq. 
The supernova producing SGR 1806—20 likely could not 
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have triggered formation of the cluster ijEikenberrv et all 
120011) . because the magnetar is thought to be <10'' yrs 
old, while the cluster stars are ~4 Myr old. 

A further important conclusion is that the masses 
and ages of the cluster stars are consistent with 
the hypothesis that SGR 1806—20 represents the end 
state of a particularly massive cluster member. Be- 
cause more massive stars reach their end states more 
quickly than less massive stars, the likely mass of 
the SGR progenitor must be greater than presently 
observed masses. Assuming that the presently ob- 
served stars had Minitiai>50 Mq, SGR 1806-20 had 
a larger initial mass, as suggested by iKaplan et al.l 
(|2002}. SGR 1900-hl4 and SGR 052 6-66 are also as- 
sociated wi th massive stellar clusters (jVrba et al.ll200d 
iKlose et'al.i .2004.'). suggesting that magnetars may be 
short-lived descendants of massive stars. These three 
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